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Functional grape genomics

Understand the genetic bases of viticulture traits

Incorporation of traits that improve
sustainability, productivity, and resilience of
grape production
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Vitis species

Approximately 60-70 species

Native to temperate regions of the Northern Hemisphere
iIn the Americas and Asia

Evolved in a broad variety of environments
Dioecious and interfertile

Examples: Vitis vinifera, Vitis rupestris, Vitis berlandiery,
Vitis riparia, Vitis arizonica, Vitis piasezkii
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The dawn of wild grape genomics, genetics, and utilization
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Genetic disease resistance to powdery mildew
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Genetic disease resistance to powdery mildew
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VitisGen3: Developing Next Gen Tools for the Grape Research Community

Objective 1: Gene on the shelf

New knowledge of powdery mildew candidate gene function
Implement gene editing for disease resistance

Extend the life of resistant varieties

Objective 2: Tools in the toolbox
Advance computer vision phenotyping, Al, and DNA markers for US grape breeders nationwide.

Objective 3: Sticks in the ground

Reduced pesticide inputs using disease resistant spray programs (via field trial)

Develop new sustainable vineyard practices (via field trial)

New cultivars and enhanced breeding pipelines for regionally important traits and disease resistance (via
participating breeding programs)

Objective 4: Grapes on the table

Learning how to communicate benefits of new varieties LASDA
Clear guidelines for marketing disease resistant varieties in different regional grape markets |
NIFA

8 Award No. 2022-51181-38240
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North American Vitis species

About 30 species of wild Vitis SON
Inhabit a wide range of environments "2
. 40°N
Sources of tolerance/resistance for the E
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Dioecious and interfertile: source of genetic
diversity
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Cantu et al., 2024 Trends in Genetics
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Evolution of genetic resistance to Pierce’s disease and salt tolerance in Southwest Vitis spp.
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Introgression among North American wild grapes (Vitis)

Introgression tests
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Present
g
Putative introgressed regions (pIRs)

Trio®* P2 P3 fa-ratio Mean pIRs (Kb)® No. genes
GAM arizonica monticola 8.03% 269.36 2282

RAM arizonica monticola 2.07% 210.44 597

MBC berlandieri candicans 3.24% 163.23 746

AGR girdiana riparia 3.32% 154.49 955

GRM riparia monticola 6.08% 270.68 1325

GRB riparia berlandieri 7.47% 233.29 1538

ARB riparia berlandieri 7.40% 200.07 1607

ARC riparia candicans 2.43% 226.25 480

GRC riparia candicans 2.30% 217.32 455

A: V. arizonica, B: V. berlandieri, C: V. candicans,
G: V. girdiana, M: V. monticola, and R: V. riparia

UNIVERSITY OF CALIFORNIA

Holocene (~6,000 ya)
I Holocene+Present
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V. berfandieri / V. candicans V. candicans / V. riparia Present
Holocene (~6,000 ya)
I Holocene+Present

Introgression among North American wild grapes (Vitis)
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Characterization of the genetic diversity of North American grape species

(2023) 24:290

A S uper-pangenoome Of the North Amerlcan - Eﬁfﬂ?ﬁiﬂgﬁfﬁ?ﬁﬁ'§3§9.0ms133-2
wild grape species

Noé Cochetel'®, Andrea Minio' ®, Andrea Guarracino™*@, Jadran F. Garcia' @, Rosa Figueroa-Balderas'®,
Mélanie Massonnet' @, Takao Kasuga®®, Jason P. Londo®®, Erik Garrison’®, Brandon S. Gaut®® and

Dario Cantu'”'®

1 X super-pangenome =

9 x wild Vitis spp. diploid
chromosome scale genomes +

481 x whole genome sequences
of wild Vitis spp. accessions
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Cochetel et al., 2023 Genome Biology 13
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Genetics of salt tolerance (Cl- exclusion)
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Rootstock breeding for tolerance to boron toxicity (Diaz Garcia’s lab)

] !

0.5 ppm (C) 8.0 ppm 0.5ppm (C) 8.0 ppm 0.5ppm (C) 8.0 ppm

1103P SAZ4 (V. arizonica, Arizona) T03-15 (V. rupestris, Texas)
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Breeding new varieties for PD resistance

ﬂ U &% Subscribe to Dally News Emall

New PD-Resistant Wine Grape Varieties Named PD resistant varieties:
and Released

Patents Filed for Walker-bred Cultivars Developed at UCD

7 ——— Camminare Noir
- . Paseante Noir

' Errante Noir

Ambulo Blanc

Caminante Blanc

- UCD viticutiure professor and grape breecer Dr. Andly Walker deveioped the five PD-resistant wine grape
\ - vareties with research funding from the COFA PDIGWSS Board. Photo: Ted Rieger
v
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Multigenic resistance to PD in Vitis arizonica

Sampling and PD testing
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The wild side of grape genomics

‘)’:/'“

Dario Cantu @ "2 Mélanie Massonnet @ ', and Noé Cochetel ©

With broad genetic diversity and as a source of key agronomic traits, wild grape
species (Vitis spp.) are crucial to enhance viticulture’s climatic resilience and
sustainability. This review discusses how recent breakthroughs in the genome
assembly and analysis of wild grape species have led to discoveries on grape
evolution, from wild species’ adaptation to environmental stress to grape do-

' ' | mestication. We detail how diploid chromosome-scale genomes from wild Vitis
.FA\ G ra pEGe nom |CS spp. have enabled the identification of candidate disease-resistance and flower

NG 74 sex determination genes and the creation of the first Vitis graph-based

3 @ g ra pege nom |CS pangenome. Finally, we explore how wild grape genomics can impact grape re-

search and viticulture, including aspects such as data sharing, the development
of functional genomics tools, and the acceleration of genetic improvement.

19
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